Introduction
Measurement of central venous pressure (CVP) is often essential for monitoring hemodynamic changes in critically ill patients and during major surgery to estimate cardiac preload, but also in an emergency unit to facilitate and improve further patient management. Clinical estimation of CVP has proven unreliable compared to measurement using a catheter. 1 Current standard technique for CVP assessment is invasive, requiring insertion of a catheter into a subclavian, internal jugular or peripheral vein, with potential complications. 2, 3 Moreover, routine placement of a central venous catheter just for CVP measurement, especially in an outpatient setting, is impractical and not justifiable.
A quick and reliable tool to measure CVP without central venous access would be helpful in cases of hemodynamic emergencies. Several studies employing invasive and non invasive techniques showed a good correlation between peripheral venous pressure and CVP under a variety of study conditions in the operating room and the intensive care unit. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Basis for these studies is the fact, that in supine position pressure values within the cephalic, basilic and brachial veins are nearly identical to those of the superior vena cava. 4, 5, 19 Measurements of the inferior vena cava (IVC) diameter using ultrasound is frequently used to assess volume status of critically ill patients 20, 21 , primarily distinguishing hypo-from iso-and hypervolemic conditions.
Recently promising results were published correlating IVC diameter with CVP in a highly selected population of stabilized intubated cardiac surgery patients using transesophageal ultrasound. The usability in a more general context of non-intubated emergency setting needs to be awaited.
A novel method using compression ultrasound (CU) showed excellent results in defining CVP by measuring peripheral venous pressure at the forearm. 20 This study, however, was performed by experts in vascular medicine using a high-end * Manuscript ultrasound machine. These two preconditions may not be rapidly available in a hemodynamic unstable situation, in emergency units, as well as in primary and secondary care institutions, so we sought to investigate the influence of lower ultrasound quality and lesser vascular ultrasound experience on the results of noninvasive CVP measurements.
Therefore this study was designed for the following purposes:
(1) to investigate the feasibility and accuracy of CVP measurements performed by physicians, as yet not familiar with vascular ultrasound examination, using CU after a short training phase and (2) to investigate the feasibility and accuracy of CVP measurements using a simple portable ultrasound system, compared to a high-end duplex ultrasound system of the newest generation, and (3) to investigate the potential of the method to detect and quantify respiratory changes in CVP.
Methods

Study Design
The study was approved by the local ethics committee. Aware intensive care patients provided oral informed consent. Surrogates provided informed consent for intubated, sedated intensive care patients. In all patients, the central venous catheter was clinically indicated and the physician in charge (MS) attested for the safety of the investigation for the patient.
A pressure manometer (PPM0310, Dr. Baumann, Muensingen, Switzerland) was attached to the ultrasound transducer. The manometer, which is easily attachable to the probe, consists of a translucent silicon membrane (MVQ, Angst and Pfister AG, Zurich, Switzerland) connected to a commercially available pressure meter (Bourdon Haenni AG, Jegenstorf, Switzerland) with a flexible pressure tubing. The system is described in detail elsewhere. 20 To test the three hypotheses, the study was divided in two parts. The TeachPort Study tested feasibility and accuracy of CVP measurement after the training phases (Teach) using a portable ultrasound system (Port) in unselected critically ill patients within a defined examination time. The influence of respiratory cycle on CVP measurement was tested in an additional group of intubated patients with continuous registration of ventilation parameters. In contrast to the TeachPort Study, which tested the method within time, in this series the examination time was not limited.
TeachPort Study
Each patient was examined by all four investigators using two different ultrasound systems: The difference between the level of the ultrasound measurement and the position of the CVP i pressure transducer was documented and subtracted from the crude pressure value. Internal diameter of the vein was measured once with the high-end system. The time for complete examination was documented for each investigator.
To determine feasibility, a time limit for the maximum investigation time was arbitrarily set at eight minutes.
Influence of respiratory cycle on CVP measurement
Compressibility of the vein depends on the respiratory cycle, especially in ventilated patients. Thus the hypothesis, that the established ultrasound method is precise enough to measure the changes of CVP during mechanical ventilation was tested.
The high-end ultrasound system with a 17-5 MHz transducer was used by one experienced investigator (MA). The lower CVP ni value was recorded as described above, the upper CVP ni value was recorded just when a persistent collapse of the vein through a whole respiratory cycle was monitored. CVP i was determined by measuring CVP online over 2-3 respiratory cycles and reading minimal and maximal pressure values.
Statistical analysis
Data analysis was performed using the software SPSS 12.0 for Windows (Apache Software Foundation, Forest Hill, USA). The unit of CVP i was mmHg, that of CVP ni was mbar. Mbar was transformed into mmHg after complete collection of the data set (1 mbar = 0.75 mmHg). Descriptive data were expressed as mean  standard deviation (SD) and range. Correlation between invasive and non invasive pressure was analyzed using Spearman correlation coefficient. Bland-Altman plots were used to show the agreement between CVP i and CVP ni , plotting the difference against the mean. 24 Group comparisons were performed using Mann-Withney-U and Friedmanntests. 6 
Results
TeachPort Study
A total of 50 consecutive patients were included. Their characteristics are presented in Table 1 . The mean internal diameter of the vein used for measurement was 2.4  0.9 mm (1.1 -4.9). Mean investigation time for the different investigators (1, 2, 3, 4) were 3.2  1.4 (1.0 -6.5), 4.2  1.9 (1.0 -7.5), 2.9  1.6 (1.0 -6.5) and 3.7  1.9 (0.5 -7.9) minutes and feasibility was 92%, 90%, 88% and 88%, respectively. Differences in duration and feasibility were statistically not significant.
The mean ultrasound calibration point was 6.6 cm below the CVP i pressure transducer (-3 to 15 cm). Mean CVP i of all measurements was 12.3 ± 4.8 mmHg (3 -25) and mean CVP ni was 9.8  4.5 mmHg (1 -26). Table 2 compares CVP i vs. CVP ni values over all, as well as for single investigators, investigator groups and different ultrasound systems. CVP ni was on average 2.5  4.0 mmHg (range: -9.5 -13.8) lower than CVP i . The difference was statistically significant (p < 0.005) for all groups.
However, no systematic differences between different investigators, ultrasound systems or expertise were found (p=0.91, p=0.79, p=0.36, respectively, Table 2 ).
Linear regression analysis revealed a significant correlation between CVP i and CVP ni (r = 0.72; p < 0.001) for mean values of all examinations. The correlation remained significant for each investigator separately (Fig. 1) , however, with lower correlation coefficients (r = 0.58 -0.68; p < 0.001). Bland Altman plots presented for the different investigators show the differences between CVP i and CVP ni , plotted against their mean (Fig. 2) , revealing no tendency for a systematic bias.
Respiratory changes in CVP
A total of 20 consecutive, ventilated patients were studied. Their characteristics and ventilation parameters are presented in Table 3 Linear regression analysis revealed a significant positive correlation between minimal CVP i and CVP ni (r = 0.66; p < 0.01) and maximal CVP i and CVP ni (r = 0.71; p < 0.001; Fig. 3 ). CVP ni measurements overestimated CVP i with a mean difference of 1.6 mmHg for minimal values and 0.8 mmHg for maximal values.
Discussion
CVP is frequently used in clinical practice to follow patients hemodynamics for diagnostic and treatment purposes. Routine measurement of CVP requires a central venous line, associated with a relevant risk of complications. 2,3 A novel non invasive method using peripheral compression ultrasound has been proved to measure CVP in a reliable and reproducible manner in a vascular experts setting and therefore bears the potential to be used as a first line measurement of CVP in emergency situations without requiring invasive techniques. 23 Volume status estimation can also be done by visualizing and measuring the inferior vena cava diameter using transthoracic ultrasound, though conflicting results have been published concerning the estimation of absolute CVP values. Arthur 20 was able to show good correlations of transesophageal IVC diameter measurements with CVP in stabilized intubated cardiac surgery patients, whereas Lorsomradee 22 was only able to show good correlations for CVP values below 11 mmHg and poor correlations when CVP was above 11 mmHg. Additionally non invasive transthoracic ultrasound seems to provide less accurate results 21 .
In this study, feasibility and accuracy of non invasive CVP measurement by unskilled investigators as well as using a simple portable ultrasound system were investigated.
No differences in accuracy or feasibility with respect to both the quality of ultrasound system and the ultrasound experience of the investigators were observed, provided the use of an adequate, high transducer frequency and an initial training period. We therefore conclude, that this novel method may be suitable for a "real life" situation, and warrants further evaluation in a larger setting.
Many studies comparing peripheral venous pressure with CVP under different conditions (e.g. neurosurgery, liver transplantation, different provocation maneuvers), showed a good correlation between the two measurements. However, most of the studies reported a negative difference (CVP -PVP) of up to 4.4 mmHg, resulting in an overestimation of central venous pressure by using a peripheral line (Table 4) i.e. the "one moment" pressure vs. the mean pressure do not differ in a relevant manner as long as the pressure amplitude is low. With higher CVP amplitudes larger differences from an invasively measured mean value can be expected, as the CVP ni 9 represents the lowest pressure point during the respiratory cycle. In our substudy we were able to show that the CU method in fact is able to distinguish between higher and lower CVP resulting in a negligible difference. This may finally explain a relevant part of the difference as we examined more than 50 per cent ventilated patients in the first 50 patients. It could therefore be necessary, that especially in patients with spontaneous deep respiration or mechanical ventilation a mean value of the lowest and highest CVP ni value should be calculated in the same way as with the electronic pressure meter or the classical water column method.
Appraising the study by Rizvi et al. where the effect of airway pressure on interobserver reading agreement in the invasive assessment of CVP was tested, a astonishingly low agreement (limits of 2 mmHg) between 79% and 86%, even in experts was observed 25 , demonstrating some variability in the gold standard possibly caused by changing airway pressure. Considering these facts a certain difference when comparing two methods of measuring CVP should be put into perspective.
In our opinion the presented method is able to concur with invasive CVP measurement and could become a method of choice to rapidly acquire CVP values in acute situations as massive pulmonary embolism, pericardial tamponade or acute right heart insufficiency.
Conclusion
Our data show that CVP ni can be adequately obtained within a short time (less than four minutes) and does neither depend on specialized personal nor on a high end ultrasound systems.
A reliable non invasive technique for measuring central venous pressure is presented. The technique is easily learnable in a short time and is reliably applicable with a small portable ultrasound system. Measuring central venous pressure without the use of intravenous catheterization in a reliable manner may be an attractive tool especially in selected emergency situations.
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